Abstract: 1) Background: The complement becomes a major link between infection and inflammatory pathology including periodontitis. Gingipians as important virulence factors of P. gingivalis have the activity of C5 convertase, could cleave C5 into fully functional C5a to activate C5aR. The above process could be blocked by the C5aR antagonist (PMX-53) to suppress periodontal inflammation, and then achieves the purpose of treatment of periodontitis. Nanoparticles incorporated within gelatin are promising carrier system for drug delivery in recent years. This study aimed to investigate whether gelatin nanoparticles loaded with PMX-53 prevents alveolar bone resorption in miniature swines model of periodontitis; 2) Methods: Four miniature swines were placed ligatures for seven weeks to induce periodontitis. Then, animals were assigned randomly to four groups: minocycline-treated group, gelatin with PMX53-treated group, gelatin-treated group and a sham control group. They were treated with 1ml related drugs respectively. We showed that local treatments with gelatin nanoparticles loaded with PMX-53 could inhibit alveolar bone loss of periodontitis; 3) Results: Our study revealed that gelatin nanoparticles loaded with PMX-53 prevented alveolar bone resorption miniature swines model of periodontitis; and 4) Conclusions: We provided proof-of-concept for local targeting of gelatin nanoparticles loaded with PMX-53 as a powerful candidate for the treatment of periodontitis.
Introduction
Periodontitis is a chronic inflammatory disease produced by gram-negative anaerobic bacteria predominantly which results in the destruction of the tooth' s supporting tissues and the alveolar bone resorption. It is well documented that periodontitis is initiated by oral pathogens embedded in gingival tissue to accumulate dental biofilms and related to a complex interplay of bacteria with host immune responses that eventually lead to progressive destruction of the periodontium [1] . The potential impact of many systemic disorders on the periodontium has been shown. Also, evidence suggests that periodontitis may be significantly associated with certain systemic diseases because of a translocation of periodontal bacteria into the systemic circulation such as cardiovascular disease, stroke, diabetes mellitus, ulcerative colitis, rheumatoid arthritis, preterm labor, and respiratory conditions [2, 3] . Approximately 49% of the population suffers from generalized periodontitis [4] . Periodontal diseases coupled with systemic implications have a significant impact on the lives among the population. Hence, knowledge about prevention and treatment of periodontitis is urgently needed to improve the quality of life and maintain the health [5] . Therapy for periodontitis aims to reduce the pathogenic bacteria found in dental plaque to slow or arrest periodontal disease progression [6] . Conventional treatment methods are mechanical eradication of bacterial plaque included scaling and root planning (SPR), but the effectiveness of SPR is limited in inaccessible areas to periodontal instruments [7] . Local antimicrobial agents are used as an adjuvant factor in the clinical therapy [8] . Minocycline hydrochloride tetracycline broad-spectrum antibiotics are the most commonly used as local drug delivery agents [9] . However, the repeated and long-term use of antibiotics has potential side effects and the development of bacterial resistance, flora imbalance and superinfections has been reported [10, 11] . Therefore, it is significant to develop a drug which has small side effects and independent intellectual property rights to treat periodontitis.
Porphyromonas gingivalis (P. gingivalis) is proposed to be a "keystone pathogen" causing microbial and immune dysbiosis in periodontitis. It has a number of virulence factors and extracellular proteases, such as lipopolysaccharide, gingipains, fimbriae, and capsule [12] . Gingipains are the kinds of cysteine proteinase including arginine-specific gingipains (Arg-gingipain-A, RgpA and Arg-gingipain-B, RgpB) and lysine-specific gingipain (Lys-gingipain, Kgp) [13] . The Arg-gingipains have C5 convertase activity which can degrade C5 into C5a to activate the C5a-C5aR signaling pathway to make periodontal immune inflammation [14] . Moreover, the C5aR crucially involved in immune subversion by P. gingivalis with TLR2 crosstalk [15] . PMX-53 is a polypeptide of the synthesis simulates chemical structure of C5aR as a potent antagonist of C5aR which could target to block the C5a-C5aR signaling pathway to develop anti-inflammatory effects [16] . Abe's studies have found that local administration of PMX-53 efficiently protected mice against the development of periodontitis by counteracting microbial immune evasion and suppressing the induction of proinflammatory cytokines in both preventive and therapeutic modes of treatment. In addition, PMX-53 also could reduce the destruction of the alveolar bone [17] . However, the duration of drug action is very short, so it needs to be injected frequently and multi-points injection is painful and inconvenient for the patients.
Gelatin, belonging to the family of the natural polymers derived from the hydrolysis of collagen, is a combination of high molecular weight water-soluble proteins [18] . It is inexpensive, biocompatible , biodegradable and low antigenic that considered a generally regarded as safe. Furthermore, due to their intrinsic protein structure could modify multiply coupling with crosslinkers and targeting-ligands which may be especially useful. It is already indispensably used in modern pharmaceutical and medical applications [19] . With the continuous development of biological materials science, nanotechnology has been widely concerned around the world. And the nanoparticles use, over this period, has been a particular focus [20] . Nanoparticles incorporated within gelatin are promising carrier system for drug delivery in recent years due to harmless, simple preparation process, strong target, improving the drug action concentration adequately, prolonging the drug action time, reducing the drug dosage greatly, and extending the intervals between patients visit [21, 22] .
In this study, we showed that local administration of gelatin nanoparticles loaded with PMX-53 sustained release agents efficiently protected miniature swines against periodontal inflammation and bone loss in the treatment. The physiology, pathology, immunology, and anatomy structures of miniature swines are similar to those of humans. Our new findings therefore provide proof-of-concept for the efficacy of gelatin nanoparticles loaded with PMX-53 as a locally administered long-term therapeutic agent against periodontitis.
Results

Establishing the miniature swines model of periodontitis
Intraoral photographs showed the clinical assessments of the periodontal tissues of miniature swines. Before the experiment (-7 weeks), gingiva of each miniature swine was normal, healthy color without swelling, dental calculus. Probing the gingiva didn't bleed. Besides, neither periodontal pockets nor attachment loss were detected. The clinical periodontal index of each group was analyzed and there was no significant difference in all groups. Statistical analysis indicated periodontal conditions of each miniature swines were similar before the experiment. After establishing the periodontal models of miniature swines, immediately before treatment (week 0): the buccal gingiva of experimental teeth were swelling and a lot of obvious dental calculus were found around the teeth. Buccal gingiva bleeding with probing and the periodontal pockets easily were detected. The periodontium of experimental teeth was chronic inflammatory. There was no significant difference in all groups of clinical periodontal index. The results of X-ray images revealed that the alveolar bone of each miniature swine didn't resort obviously before modeling, while alveolar bone ridge of the experimental teeth reduced to the apical 1 / 2 significantly after modeling. There is no significant difference between the groups. Micro-CT and X-ray examinations showed similar results basically. There was an obvious decrease in the alveolar crest height after establishing miniature swines model of periodontitis. To sum up, establishing the periodontal model of miniature swines was successful. (A-C) Intraoral photographs of the periodontal tissues before modeling (-7 weeks) (A), ligation process (B) and after establishing the periodontal models of miniature swines (week 0) (C). The gingiva of the ligatured region and completed modeling were more swelling compared with healthy gingiva. X-ray images of alveolar bone before modeling (D) and completed modeling (E). Three-dimensional reconstruction of Mirco-CT of alveolar bone before modeling (F) and completed modeling (G). X-ray and Mirco-CT showed obvious alveolar bone loss of completed modeling compared with healthy miniature swines. The black arrowheads indicated the condition of gingiva in intraoral photographs. The red arrowheads indicated alveolar bone in X-ray images.
Intraoral photographs of periodontal tissue inflammation with treatment.
We generated periodontitis lesions in miniature swine, then conducted SPR and treated with minocycline, gelatin with PMX-53 or gelatin. After acquiring the intraoral photographs, animals were sacrificed at 4 weeks post treatment. We found that the periodontal condition had great improvement after 4 weeks treatment. Compared with untreatment, the periodontal tissue only conducted SPR reduced swelling a little, but the tissues were not restored to healthy levels (A). In contrast, periodontal tissue conducted SPR and treated with minocycline (B) and gelatin with PMX-53 (C) was restored to close to normal levels. The condition of treating with gelatin (D) was similar with only conducted SPR, but the gingival color had healthier changed. 
Clinical assessments of the periodontal tissue inflammation with treatment photographs of periodontal tissue inflammation with treatment.
This time, values of the pocket depths (PD) (A) of 4 weeks were 3.58±0.51 mm in the sham control group, 2.71±0.75 mm in the minocycline-treated group, 2.54±0.66 mm in the gelatin with PMX53-treated group, and 3.50±0.72 mm in the gelatin-treated group. Statistical analysis manifested that among the minocycline-treated group, gelatin with PMX53-treated group and gelatin-treated group of 4 weeks increased the pocket depths with these groups of week 0 significantly. However, there was no significant difference between the sham control group of week 0 and 4 weeks.(*p <0.05, **p <0.01, n = 24) At week 0, there was no significant difference of PD among the 4 groups. At 4 weeks post treatment, the PD were decreased apparently in the groups that received minocycline and gelatin with PMX-53 treatment with those in the sham control group (only SPR). Furthermore, there was significant difference between gelatin with PMX53-treated group and gelatin-treated group.(#p <0.05, ##p <0.01, n = 24). The sulcular bleeding index (SBI) (B) of 4 weeks values were 2.75±0.50 in the sham control group, 2.25±0.46 in the minocycline-treated group, 1.88±0.64 in the gelatin with PMX53-treated group, and 2.50±0.53 in the gelatin-treated group. Statistical analysis indicated that the condition of SBI was much identical among the minocycline-treated group, gelatin with PMX53-treated group and gelatin-treated group of 4 weeks with these groups of week 0. And after 4 weeks post treatment, the SBI were decreased significantly in the groups that received gelatin with PMX-53 treatment contrasted with the sham control group.(*p <0.05, n = 8). The micro-computed tomography (Micro-CT) scanning and 3D reconstruction indicated that marked bone absorption of the buccal maxillary and mandibular fourth premolar and first molar on the both sides occurred in the sham control group (only SPR) (A). In the minocycline-treated (B) and gelatin with PMX53-treated group (C), alveolar bone resorption was considerably less than there was in the sham control group. In addition, the bone resorption in miniature swines treated with gelatin was a little lower than that in the sham control group.
A B C D Micro-CT showed alveolar bone resorption was more obvious in the sham control group and gelatin-treated group than those in the minocycline-treated and gelatin with PMX53-treated group.
2.5 The 3-dimensional region of interest for determination of bone volume changes The 3-dimensional region of interest for determination of bone volume changes was defined by a cuboidal bone body that vertically as the distance from the most coronal part of the alveolar bone crest (ABC) to the maxillary and mandibular fourth premolar and first molar root apex. The length extended from the most mesial aspect of the maxillary and mandibular fourth premolar root to the most distal aspect of first molar root. Compared to miniature pig in the sham control group, receiving minocycline and gelatin with PMX-53 treatment showed higher bone volume/tissue volume (BV/TV), trabecular thickness (Tb.Th), and trabecular number (Th.N). It is obvious that the trabecular separation (Tb.Sp) was lower in the gelatin with PMX53-treated group than that in the sham control group. The gelatin-treated group was associated with increasing tendency of BV/TV, Tb.Th, Th.N, and decreased Tb.Sp compared to the sham control group, but only had the significant difference about Tb.Th. There was no significant difference in BS/BV among the groups. 
2.6
Measuring distance between the cement-enamel junction (CEJ) and the alveolar bone crest (ABC) Alveolar bone loss was measured from the CEJ to the ABC at six points: mesiobuccal (MB), midbuccal, and distobuccal (DB) regions for maxillary and mandibular fourth premolar and first molar. Analysis of the CEJ-ABC linear distance after treatment. The values obtained for the six sites were summed to obtain the average values for alveolar bone resorption. The values of CEJ-ABC distance was 0.81±0.24 mm in the healthy control group, 3.29±0.44 mm in the sham control group, 2.16±0.41 mm in the minocycline-treated group, 1.94±0.70 mm in the gelatin PMX53-treated group, 2.90±0.76 mm in the gelatin-treated group. Statistical analysis indicated that the CEJ-ABC distance in both minocycline-treated group and gelatin with PMX53-treated group obviously lower than the sham control group. The CEJ-ABC distance in gelatin with PMX53-treated group was obviously lower contrast with gelatin-treated group. But there was no significant difference between sham control group and gelatin-treated group. (*p <0.05, **p <0.01, n = 24) Figure 6 . Distance between the cement-enamel junction (CEJ) and the alveolar bone crest (ABC) at distal, middle and mesial areas of vocal sides of the maxillary and mandibular fourth premolar and first molar in the five groups. (* p < 0.05, ** p < 0.01, n = 24). The distance of CEJ-ABC both in the minocycline-treated group and gelatin with PMX53-treated group was obviously lower contrast with the sham control group. The results in the sham control group and gelatin-treated group had no significant difference.
Discussion
Porphyromonas gingivalis is a major causative agent of periodontitis, a chronic inflammatory disease of the supporting structures of the teeth. P. gingivalis produces a broad spectrum of virulence factors. Thereinto, gingipians play critical roles in the pathogenesis of periodontitis, more particularly in the complete system [23] . The gingipains have the activity of C5 convertase, could cleave C5 into fully functional C5a to activate C5aR. The above process could be blocked by the C5aR antagonist (PMX-53) to suppress local periodontal inflammation, and then achieves the purpose of treatment of periodontitis [24, 25] . Related studies have shown that oral administration of PMX-53 can inhibit the occurrence and development of immune inflammation to treat rheumatoid arthritis [26] . In addition, it has been reported that local injected PMX-53 into periodontal tissue, could effectively inhibit periodontal tissue inflammation and alveolar bone resorption. Nanoparticles (NPs) have been developed rapidly over the past few years since they have shown great potential in drug delivery [27] . Gelatin Nanoparticles have attracted much attention because of high specific surface area, low particle size, non-toxic and non-antigenic properties. When the drug and gelatin were made into drug-loaded gelatin nanoparticles, the drug could be sustained released with the stable degradation of nanoparticles [28] . Taken together, these findings provide a theoretical foundation that gelatin nanoparticles loaded with PMX-53 are likely to be more effective to prevent periodontist in this study.
In this study, we established the model of periodontitis with silk suture in miniature swines. The oral maxillofacial region of miniature swines is similar to that of humans in anatomy, development, physiology, pathophysiology, and disease occurrence. So the miniature swines' model of periodontitis is superior to models using small animals. The results showed that typical periodontitis could be generated in miniature swines and that the general performances had features similar to those described in human cases of periodontitis. (Figure 1) The present study showed that conduct SPR and local delivery minocycline ointment and gelatin nanoparticles loaded with PMX-53 could significantly inhibit gingival inflammation and alveolar bone resorption compared with conducting SPR alone or local delivery gelatin. Although minocycline and gelatin nanoparticles loaded with PMX-53 were less effective in the alveolar bone regeneration, could reduce the generation of osteoclast cytokines to avoid increasing alveolar bone resorption further [29, 30] . The treated effects of minocycline and gelatin nanoparticles loaded with PMX-53 were essentially flat. Gelatin nanoparticles loaded with PMX-53 may have a slight advantage on the inflammatory effect, but there is no statistical significance, only the trend. It may be due to inadequate treatment time, the role of PMX-53 is not obvious to play. However the supreme advantage of gelatin nanoparticles loaded with PMX-53 was they could be used continuously. Minocycline therapy seems to be a less desirable choice because the development of bacterial resistance and flora imbalance will appear while using minocycline for a long time [31] . In the current study, we also found in the results of periodontal pocket depths and Tb.Th of micro-CT quantitative analysis, the periodontist was treated with gelatin had a certain degree of improvement compared to the sham control group. The results may be attributed to gelatin could provide hemostasis and facilitates cell adhesion and proliferation to promote wound healing Error! Reference source not found..This effect of trertment is relatively little and the amount of gelatin is not sufficient, therefore the treatment effect of gelatin is not shown in other results. In addition, the medication concentration in the periodontal pocket wasn't effective enough due to the limited penetration of the medication [33] . The medication in topical administration might lack sustenance with being squeezed out or diluted with crevicular fluid readily. These factors could make the discrepancies of experiments.
The authors did not examine the mechanism of gelatin nanoparticles loaded with PMX-53 treated on periodontitis. Hajishengallis's report has shown PMX-53 as C5aRA may exhibit anti-inflammatory action, against periodontitis. Firstly, it can block C5aR access to P. gingivalis and thus deprive bacterium of a crucial immune subversion strategy. Secondly, C5aRA can abrogate the C5aR-TLR2 inflammatory synergism in the periodontal tissue [17] .
In summary, our findings suggest that gelatin nanoparticles loaded with PMX-53 has a positive effect on miniature swines with experimentally induced periodontitis. They arrest the development of periodontitis by counteracting inflammation and bone resorption. Future studies should conduct histological assessment and Immunohistochemistry for periodontal tissue of miniature swines. Taken together, our study strongly suggests that locally applied gelatin nanoparticles loaded with PMX-53 may potentially find application for the treatment protocol of periodontitis.
Materials and Methods
Bacteria
Cultures of Porphyromonas gingivalis (standard-type strain ATCC33277, Capital Medical University School presented, Beijing, China) were inoculated into on blood agar plates supplemented with hemin (5 μg/ml, Sigma 51280, Sigma, St Louis, MO, USA) in an anaerobic chamber flushed with N2 (80%), CO2 (10%) and H2 (10%) at 37°C for 72 h. Cultured P. gingivalis was diluted to 1.0*109 colony-forming units with sterile phosphate-buffered saline for oral infection.
Preparation of Gelatin Nanoparticles Loaded with PMX-53
All reagents used in this study were commercially available. 500 mg gelatin (Sigma, St Louis, MO, USA) was dissolved in 10 ml de-ionized water at 40°C. Then, the solution was added into 10 mg PMX-53 (GL Biochem Ltd, Shanghai, China) to produce a colloidal dispersion. Afterwards, 500 μl gluteraldehyde was added into the dispersion to initiate the cross-linking reaction formed nanoparticles and to prevent their swelling. Magnetic stirring for 3-5 minutes was performed. Consequently, the colloidal dispersion volume was dissolved in 25 ml using deionized water. Finally, the prepared nanospheres were separated by centrifugation at 13,000 rpm for 25 minutes to gain gelatin nanoparticles loaded with PMX-53 powder.
Animals
The study was approved by the Animal Ethics Committee of Jilin University. The animal protocol for this study was approved by the Animal Care and Experiment. Four male Bama suckling miniature swines, 12 months old and weighing 40 kg, were purchased from Taizhou experimental miniature swines breeding base (Taizhou, China). The miniature swines lived in the animal experimental base of Heping campus of Jilin University to adapt the environment for 7 days before establishing the model of periodontitis.
Experimental periodontitis model
Four miniature swines were used to generate periodontitis lesions. Among them, one miniature swine only established the model of periodontitis on the right side, in order to retain the left side as the healthy control. All surgical procedures were performed under general anesthesia, achieved with Xylazine Hydrochloride injection (0.2 mg/kg intramuscularly [IM] ) and Midazolam (0.05mg/kg IM) for maintenance. Local anesthesia (2% lidocaine with 1: 200,000 epinephrine) was administered to the gingiva of maxillary and mandibular forth premolar and first premolar on both sides for anesthesia and hemostasis. Ligature of 10th surgical silk suture (Xihubiom, Hangzhou, China) was placed around the maxillary and mandibular fourth premolar and first molar on both sides to induce periodontitis . After ligature placement, 5 ml cultures of P. gingivalis were inoculated into the gingival crevice of the experimental teeth for 7 weeks, once a week. During this time, the miniature swines were fed with regular food and water. The ligatures were removed after 7 weeks. All animals were housed in a temperature (24°C) -and humidity-controlled room with a 12-h light/12-h dark cycle. During the ligature period, the miniature swines were checked once a week to ensure the success of the experimentally induced periodontitis.
Treatments
The left side alveolar of mininature swine which was't established model was served as the healthy control group, and the rest right side as the sham control group. Other three miniature swines were randomly assigned to one of three groups: a minocycline-treated group, a gelatin with PMX53-treated group and a gelatin-treated group. After establishing the model of periodontitis, each swines was conducted the scaling and root planing (SPR) of experimental teeth. The sham control group wasn't treated with local medicine, and the miniature swines in other groups were treated with 1ml minocycline, gelatin with PMX-53, and gelatin alone, respectively, into the gingival sulcus for 4 times in one-week intervals. Because gelatin nanoparticles loaded with PMX-53 is powder, so this material was suspensed with 3% sodium carboxymethyl cellulose to make the soliquoid.
Clinical assessments
Animals were monitored weekly to provide assess healing and inflammation. Clinical assessments, including pocket depth (PD) and sulcus bleeding index (SBI) were performed all experimental teeth each week. After 4 weeks treatment, all animals were sacrificed, and the samples from the experimental area were harvested and fixed with 4% paraformaldehyde for 48 hours.
X-ray and Micro-computed tomography analysis
Alveolar bone resorption was examined by X-ray (Sirona, Bensheim, Germany) after completing the model of periodontitis at week 0. After treating the periodontitis of miniature swines, the fixed alveolar bone included four teeth which were two experimental teeth and two adjacent teeth on both sides were scanned with a micro-computed tomography (Micro-CT) scanner (Micro-CT50 Scanco Medical, Basserdorf, Switzerland). The system was set to 50 KV, with a current of 500 μA and a fixed exposure time of 900 ms. Images were obtained with a resolution of 2048*2048 pixels and a voxel size of 10*10*10 μm3. The three-dimensional images were reconstructed using IPL image-processing software (Scanco Medical, Bassersdorf, Switzerland) for quantitative and qualitative evaluation by computer (threshold = 200). The 3-dimensional region of interest (ROI) for determination of bone volume changes was defined a cuboidal bone body that vertically as the distance from the most coronal part of the alveolar bone crest (ABC) to the maxillary and mandibular fourth premolar and first molar root apex. The length extended from the most mesial aspect of the maxillary and mandibular fourth premolar root to the most distal aspect of first molar root. The following parameters of micro-architecture were assessed in the ROI images: bone volume/tissue volume (BV/TV), bone surface/bone volume (BS/BV), trabecular thickness (Tb.Th), trabecular number (Tb.N), and trabecular separation (Tb.Sp). The BV/TV value indicates the portion of mineralized tissue; Tb.Th, Tb.Sp and Tb.N provide detailed information on the amount, thickness and organization of trabecular bone.
Alveolar bone loss (ABL), represented by the linear distance from the cemento-enamel junction (CEJ)to the alveolar bone crest (ABC) of the mesial, middle, and distal sites on buccal sides (three sites each tooth) of experimental teeth was measured on the computed tomography imaging indicated the severity of periodontitis during the clinical examinations, and was measured in millimeters. The average values of the 24 sites were calculated as alveolar bone resorption of one miniature swine. Additionally, a high ABL value meant heavy bone loss, whereas a low ABL value indicated a healthier alveolar bone.
Statistical analysis
All statistical values were performed with a statistical package for the social sciences (SPSS) 17.0 statistical software (SPSS Inc, Chicago, IL, USA). Quantitative data were expressed as the mean ± standard deviation (SD). Statistical significance was determined by the independent sample test or One-way ANOVA analysis of variance. A value of p<0.05 was considered statistically significant.Materials and Methods should be described with sufficient details to allow others to replicate and build on published results. Please note that publication of your manuscript implicates that you must make all materials, data, computer code, and protocols associated with the publication available to readers. Please disclose at the submission stage any restrictions on the availability of materials or information. New methods and protocols should be described in detail while well-established methods can be briefly described and appropriately cited.
Conclusions
The present study demonstrates the effect of using gelatin nanoparticles loaded with PMX-53 as a C5aR antagonist to treat periodontitis in a miniature swine preclinical model.
